Primary hepatocytes have extensively been used in biochemical, pharmacological, and physiological research. Recently, primary porcine hepatocytes have been regarded as the cells of choice for bioartificial liver support systems. The optimum culture medium for hepatocytes to be used in such devices has yet to be defined. In this study we investigated the effectiveness of four culture media in driving energy metabolism of primary porcine hepatocytes. The media selected were William's E medium, medium 1640, medium 199, and hepatocyte medium. Cells (3 × 10 10 ; viability 87 ± 6%) were isolated from weanling piglets and seeded on 90-mm plates in the above media supplemented with antibiotics and hormones at a density of 8 × 10 6 viable cells per plate. Using 1 H NMR spectroscopy we looked at indices of glycolysis, gluconeogenesis, ketogenesis, and ureagenesis on days 2, 4, and 6 of the experiments (n = 9). We also studied urea and albumin synthesis and total P450 content. The examined metabolic pathways of the hepatocytes were maintained by all media, although there were statistically significant differences between them. All media performed well in glycolysis, ureagenesis, and albumin synthesis. William's E medium and medium 199 outperformed the rest in gluconeogenesis. Medium 199 was best in ketogenesis. Overall, medium 199 was the best at driving energy metabolism from its constituent substrates and we think that it preferentially should be used in the culture of primary porcine hepatocytes.
INTRODUCTION
to develop a system based on those cells. Immortalized cell lines, on the other hand, offer an unlimited cell sup-Fulminant hepatic failure is frequently fatal. The reaply but there are problems with tumorigenicity and deson for the high mortality of this disease lies primarily differentiation (34). Mammalian hepatocytes would be a with its fulminant course, and irreversible destruction of more obvious source. Primary porcine hepatocytes (PPH) the patient's native liver. Currently, the best treatment have been regarded as the cells of choice as they can be option is orthotopic liver transplantation (OLT). Although readily obtainable with a sufficient yield and viability. OLT is highly successful, due to a shortage of organ They maintain differentiated functions in culture and donors less than 30% of patients with fulminant hepatic have high intrinsic metabolic activity (10,32). failure will benefit from it (36). This is the main reason Porcine hepatocytes cultured in William's E medium for the current rush to develop alternatives to transplanwith the addition of 10% serum on various substrata and tation in those patients. The development of bioartificial uncoated tissue culture plates showed no differences beliver support systems (BALSS) has been a long-standing tween them in differentiated metabolic functions, sugquest. Many centers are currently developing BALSS and gesting that substrata are not necessary to culture PPHs the preliminary results have been encouraging (12,26, (43) . However, culture of PPHs in media supplemented 46) . The key component of these devices is a substratum with serum might be ill advised if the cells are to be of cultured hepatocytes that would temporarily and inused in BALSS connected to patients. Serum suppletermittently replace the functions of the failing native mentation would make the transmission of diseases liver. The choice of hepatocytes is not obvious. Human more probable. hepatocytes are so scarce that it would be unthinkable In our tissue culture laboratory we have cultured our 214 DABOS ET AL.
cells on biomatrix-free tissue culture plates, in serum-hydrogenase (LDH) activity using the COBAS FARA. Plating efficiency was assessed measuring the total pro-free, chemically defined media containing highly purified recombinant growth factor, insulin, and dexametha-tein of culture dishes using the Bradford assay. sone. Insulin was used to enhance initial cell attachment (16) . Long epidermal growth factor stimulates DNA Hepatocyte Culture synthesis, cell growth, amino acid transport, and protein Cells were seeded at a density of 8 × 10 6 viable cells synthesis (29). All three hormones contribute to the per 90-mm plastic culture dish (Dow Corning, USA) in maintenance of differentiation and albumin synthesis.
8 ml of each of the four test media (WE, HM, 199, Dexamethasone also suppresses fibroblast growth (42).
1640) at 37°C. The culture media consisted of serum-Different culture media have been used in hepatocyte free hormonally defined media. The exact composition culture studies. The four commonly used culture media, of each one of the four media can be found in Table 1 . William's E medium (WE) (1,7,12), medium 1640 (1640)
The analysis was performed at our laboratory using 1 H (17, 18) , medium 199 (199) (2, 21, 25) , and hepatocyte NMR spectroscopy and the results were very similar to medium (HM) (4,38), were assessed in our study.
the concentrations of metabolites provided by the manu-We compared energy metabolism substrates and facturers. We used serum-free media that were suppleproducts by PPH cultured in different media to help esmented with the following substances: long epidermal tablish the most appropriate medium for PPH cultures.
growth factor (50 ng/ml), porcine insulin (10 µg/ml), dexamethasone (1 nmol/ml), glutamine (2 µmol/ml),
MATERIALS AND METHODS
gentamicin 50 (mg/ml), penicillin (50 mg/ml), strepto-Animals mycin (10 mg/ml), and amphotericin B (2.5 µg/ml). The Weanling piglets (Large white: <15 kg) were obculture dishes were shaken gently to aid cell dispersal tained from the Roslin Institute (Roslin, Scotland) on the and facilitate attachment, and then placed into a humididay of isolation, having been fed a standard diet and fied incubator in an atmosphere of 95% air and 5% CO 2 . water ad libitum. All animals were treated in accordance For the initial cell attachment phase the incubator was with UK Home Office Guidelines Animal (Scientific gassed with 30% O 2 /5% CO 2 for 2 h. Culture dishes Procedures) Act, 1986. were aspirated at 6 h postseeding and again on days 2 and 4 and fresh media added.
Chemicals
Urea Synthesis Rate. It was measured as described Type IV collagenase (from Clostridium histoliticum), in detail previously (33) . Briefly, on days 2, 4, and 6 EGTA, HEPES, albumin, long epidermal growth factor, duplicate cell culture dishes were washed twice with and all culture media (WE, HM, 199, 1640) were from HBSS (37°C) and incubated in 8 ml of each test medium Sigma (Poole, UK). Hank's balance salt solution (HBSS) with 2 mmol/L for 2 h in a humidified incubator at 37°C buffer, PBS, L-glutamine, penicillin/streptomycin, and under an atmosphere of 95% air/5% CO 2 . For reference amphotericin B were from ICN (Thame, UK). All remedia controls were under otherwise identical condiagents were of cell culture grade. Other reagents were: tions except they contained no cells. The urea synthesis gentamicin (nonproprietary), porcine insulin (Pork Velorate was determined in 0.5-ml samples taken at t = 0 and sulin TM , Novo Nordisk, Bargvaerd, Denmark), dexat = 2 h using a modified colorimetric urea nitrogen kit methasone (David Bull Labs, Warwick, England), and (Sigma kit 535-B). The difference in absorbances (λ 525 aprotinin (Trasylol TM , Bayer, Newbury, UK). All cheminm in a Pye Unicam spectrophotometer) for the chromocals were of Analar grade. genic reaction was measured at each time point and urea synthesis rates calculated. Urea results are expressed as Hepatocyte Isolation nmol/h/mg total protein. Our method for isolating PPH has been described in detail elsewhere (33) . Briefly, after piglets were sacri-Albumin Production. Cells were cultured as above and 1-ml samples were taken from duplicate cell culture ficed, the infrahepatic inferior vena cava was clamped and the suprahepatic inferior vena cava was cannulated.
dishes on days 2, 4, and 6 and stored at −70°C until analysis of albumin synthesis. The albumin synthesis The liver was retrogradely perfused in situ with cold saline and excised. It was then transported to the labora-was determined using the Bio-Dot  protein blotting apparatus and Bio-Rad computerized phosphoimager. tory on ice and perfused with prewarmed perfusion buffers in five steps. The liver was disrupted using collagen-Dot-blot analysis was performed on 96-well cartridges according to the manufacturer's instructions. The con-ase, sequentially filtered and purified, and the isolated cells suspended in the four media. Cell viability was as-centration of albumin was determined by quantitative phosphoimaging using a Bio-Rad computerized phos-sessed using the trypan blue exclusion test using a Neubauer cytometer and percentage extracellular lactate de-phoimager and samples compared to the pig albumin at 600 MHz for protons. All spectra were acquired at extracellular LDH activity and total protein content were ambient probe temperature (298 ± 0.2°K). For each samdetermined in fresh cell suspensions and for hepatocytes ple 128 transients (FIDs) were acquired into 18K comcultured in each medium on days 1, 2, 4, and 6 in dupliplex data points over a spectral width of 6 KHz. Spectral cate culture dishes, to assess viability and plating effiassignments were made by consideration of literature ciency as described in detail previously (33) .
values of chemical shifts in various media and biological Total Cytochrome P450 Levels. Total cytochrome fluids (27) and coupling constants. P450 levels were determined in fresh cell suspensions Quantitation of compounds present in the culture suand for hepatocytes cultured in each medium on days 2, pernatants was achieved by integration relative to that 4, and 6 in duplicate culture dishes, as described in deof a known quantity of TSP (10 mg/ml) present as an tail previously (33) . Briefly, fresh or cultured hepatocyte internal standard to the solution. When signals partially samples were solubilized in ice-cold buffer (PBS/0.02% overlapped, as is the case with lactate and threonine, Nonidet) sonicated, and stored at −70°C until analysis. glutamate and methionine, and valine and leucine, peak Total cytochrome P450 content was determined by carheight measurements were used, taking into account the bon monoxide difference spectroscopy of the sodium diappropriate coupling pattern of intensities of the nonthionite-reduced samples using a dual-beam Kontron overlapped lines. Results for substances measured by spectrophotometer. Results are expressed as pmol/mg of NMR spectroscopy are expressed as absolute changes total protein content. The coefficient of variation of this from the baseline concentration of each medium and are assay was less than 7%.
corrected for the number of viable cells per dish.
Sample Preparation for NMR Spectroscopy. Samples
Statistical Analysis were prepared by adding a D 2 O solution (150 µl) to culture supernatants (500 µl), providing an internal field Comparisons between freshly isolated cells cultured in different media from the same isolation were made. frequency lock for the spectrometer. Chemical shifts were referenced internally to the singlet methyl reso-
The concentration values for each substance were the mean of nine cultures. To compare between different nance of sodium 3-(trimethylsilyl 2,2,3,3-2 H 4 )-1 propionate (TSP) at 0 ppm. media and different time points we used the two-way analysis of variance (two-way ANOVA) with interac-pled. There was very significantly higher pyruvate consumption by HM. tion. If two-way ANOVA was significant we used the Tuckey post hoc test to compare between samples. A Figure 3 shows the results obtained for alanine. Alanine concentrations were also dependent on the initial value of p < 0.05 was taken as significant (two-tail test of significance). In all cases an interaction was checked concentrations of the substance. Medium 1640 did not contain any and, although on day 2 there was no pro-for; however, unless a significant interaction was found it was removed from the model. duction, overall there was production of alanine. HM showed significantly higher alanine consumption than RESULTS media 199 and WE at all time points sampled. Viability and Purity Figure 4 shows the results obtained for threonine. There was consumption of threonine by all media at all Nine different PPH isolations were evaluated. The vitime points sampled except for medium 1640 on day ability at isolation was consistent at 87 ± 5% with a 2 that exhibited neither production nor consumption of yield of 2.2 ± 0.8 × 10 10 cells from 12 ± 1 kg piglets. The threonine. There was significantly more threonine conpurity of the PPH preparation was assessed randomly sumption by HM at all days when compared with all the from dishes from each isolation and was found to be other media. On day 4 medium 1640 consumed signifi-95 ± 2% with a fibroblast content of <1.5%.
cantly less threonine than media WE and 199. On day 6 Total Protein and LDH Measurements WE medium consumed significantly more threonine than media 199 and 1640. There were no significant differences in the total pro- Figure 5 shows the results obtained for valine. The tein content between days and media. It was 11.2 ± 0.76 two-way ANOVA was statistically significant for memg/dish on day 2, dropping to 9.33 ± 1.45 mg/dish on dium and it showed significant interaction between meday 4 and stabilizing at 9.17 ± 0.87 mg/dish on day 6. dium and time The percentage retained intracellular LDH activity of the cultured cells was similar between days and media, Urea and Glutamate Synthesis ranging from 93 ± 3.6% (WE on day 2) to 79.1 ± 4.3%
We measured the concentrations of glutamate, gluta-(1640 on day 6). mine, histidine, and arginine as indices of active trans-Glycolysis and Gluconeogenesis amination and urea synthesis (19) . Figure 6 shows the results for urea synthesis. There We measured the concentrations of glucose, lactate, and pyruvate as a measure of the active aerobic and an-was evidence of urea production in all samples tested. Media WE, 199, and HM produced comparable amounts aerobic metabolism (8,39) and the metabolism of the gluconeogenic amino acids alanine, threonine, valine, aspar-of urea at all days. There was significantly higher production of urea by medium 1640 compared to media 199 tate, and methionine (15, 41) . The two-way ANOVA for lactate, aspartate, and methionine was not statistically and WE on days 2 and 4 and compared to the other three media on day 6. There was also a significant increase in significant. Figure 1 shows the results obtained for glucose. There urea production from day 2 to day 6 on medium 1640. Figure 7 shows the results obtained for glutamate. was consumption of the relevant hexose (glucose in WE, 1640, and 199 media, galactose in HM) in all samples
There was production of glutamate on all samples tested, except for medium HM on days 4 and 6 and medium tested. Media 1640 and WE consumed comparable amounts of glucose. There was a significant increase in 1999 on day 6, where there was a net consumption of glutamate. Medium 1640 produced significantly more the consumption of glucose by medium 1640 from day 2 to day 6. Medium 199 consumed glucose but signifi-glutamate than media 199 and WE on day 2. There was significantly smaller glutamate production by medium cantly less than WE on day 2 and 1640 on day 6. There was a small production of glucose by HM.
199 compared to media 1640 and WE on days 4 and 6. Figure 8 shows the results obtained for glutamine. Figure 2 shows the results obtained for pyruvate. Pyruvate concentrations during the experiments were de-There was production of glutamine by medium 199 at all time points sampled. There was also a small produc-pendent on the initial concentrations of the substance. Media that did not contain pyruvate (media 1640 and tion of glutamine on day 2 by medium 1640. Media WE and HM consumed glutamine on all days sampled. 199) showed a net production of pyruvate at all days sampled. Production of pyruvate by those two media There was significantly higher glutamine consumption by media WE and HM than medium 1640 at all times was small. There was a significantly higher pyruvate production on day 2 than days 4 and 6 by medium 199.
sampled. HM exhibited the highest consumption of glutamine overall, significantly higher from all other media When pyruvate was present initially (media HM and WE) there was consumption of pyruvate at all days sam-on day 2. and media 1640 and WE on days 4 and 6.^^p < 0.05 between day 2 and days 4 and 6 for medium 199. #p < 0.05 between day 2 and days 4 and 6 for medium HM.
Figure 8.
Changes in the concentration of glutamine on the four different media on days 2, 4, and 6. **p < 0.01 between HM and all the other media on day 2. *p < 0.01 between WE medium and media 199 and 1640 on day 2.^p < 0.01 between medium 1640 and media WE and HM on days 4 and 6.^^p < 0.05 between medium 199 and the rest of the media on days 4 and 6. Figure 9 shows the results obtained for histidine. The cantly more tyrosine than all the other three media on day 4. On days 2 and 6 HM consumed significantly two-way ANOVA was statistically significant for medium and it showed significant interaction between me-more tyrosine than media 199 and HM. Figure 13 shows the results for acetate. All media dium and time.
The two-way ANOVA for arginine was not statisti-produced significant amounts of acetate. Medium 1640 produced the least of acetate on all days and that was cally significant. significant compared to media 1640 and 199 on all days.
Succinate Precursors and Acetate
HM also produced significantly less acetate than media 199 and WE on day 6. We measured the concentrations of leucine, isoleu-
The two-way ANOVA for phenylalanine was not stacine, phenylalanine, and tyrosine, as they are the key tistically significant. ketogenic amino acids used by the hepatocyte (40). We also measured the concentration of acetate, as this is a Albumin Synthesis ketone body precursor mainly exported by liver cells.
We measured albumin synthesis as an index of the Figure 10 shows the results obtained for leucine.
cells' synthetic function. Because of high background There was overall production of leucine in HM at all levels of albumin in HM we were unable to accurately time points sampled. There was consumption of leucine measure albumin production in this medium. by all the other media. Medium 199 consumed signifi- Figure 14 shows the results obtained for albumin syncantly more leucine than the other media on all days. thesis for the three media that we were able to measure. WE medium consumed significantly more leucine than
There was production of albumin at all time points sammedium 1640 on days 2, 4, and 6.
pled. The two-way ANOVA was not statistically signifi- Figure 11 shows the results for isoleucine. All media cant for albumin synthesis. consumed isoleucine at all days. The consumption of isoleucine was significant increased in HM compared to Cytochrome P450 Content other media at all time points sampled. The consumption of isoleucine on day 2 by medium 1640 was signifi-
We measured cytochrome P450 activity as a measure of the cell detoxifying capacity. Figure 15 shows the cantly less than the other media. Figure 12 shows the results for tyrosine. All media results obtained for total cytochrome P450 content. The two-way ANOVA for the total cytochrome P450 content consumed tyrosine at all days. HM consumed signifi- Figure 9 . Changes in the concentration of histidine on the four different media on days 2, 4, and 6. *^^ Figure 15 . Total cytochrome P450 contents on the four different media on days 2, 4, and 6. *p < 0.05 between medium WE and media 199 and 1640 on day 6.^p < 0.05 between day 2 and day 6 on medium WE.^^p < 0.05 between day 2 and day 6 on HM. was statistically significant. The P450 content in all me-of albumin synthesis rate by day 6, which is significant as all other studies have observed a significant decrease dia was higher on day 0, dropping significantly on day 2. There was a statistically significant reduction after day 2. This could be due to the fact that insulin and dexamethasone, which were routinely added to the in the P450 content in media WE and HM between days 2 and 6. The smallest content was seen on day 6 in me-culture medium, have a synergistic effect on albumin synthesis with an initial lag period of several days (20) . dium WE.
It has also been shown that collagenase digestion re-DISCUSSION duces the capacity of hepatocytes to translate the mRNA for albumin (11). Primary porcine hepatocytes are the cells of choice for the BALSS (1, 9, 30, 32, 34, 42, 44) as they have greater Because albumin synthesis was comparable in the three media tested we can assume that the overall de-proliferative activity (44) and have higher drug metabolism activity in culture (31). They maintain their dif-mand for amino acids for protein synthesis in our media was comparable. ferentiated functions in culture (13,32). The culture conditions that would enable optimal function of primary All media maintained well the basic glycolytic pathway, with consumption of glucose or galactose and pro-porcine hepatocytes have not yet been defined. It is generally accepted, though, that tissue culture of PPH can duction of lactate. The lactate production was similar in the four media tested. Glucose consumption was lowest be efficient without a need for biomatrices or serum supplementation of the media (2). in all media on day 2. This could be due to the relative suppression of the glycolytic pathway as cells up until There is almost no literature, though, on porcine hepatocytes and their medium requirements. The only that time point were actively dividing.
As the final product of gluconeogenesis is again glu-study so far, by Wang et al. (45) , did not compare media but PPH to the C3A cell line. It seems that most data cose, it is difficult for us to discern without isotope labeling or measurements of glucose fluxes across the he-derived from rat hepatocyte cultures have been extrapolated to porcine hepatocytes (47, 48) .
patocyte membrane the true extent of gluconeogenesis in the media. The one notable exception was HM, which The need for a comparison between culture media used was obvious, and this study produces some evi-does not contain glucose at all. There was a small but noticeable production of glucose on all days sampled. In dence that the culture medium can influence energy production of cultured hepatocytes but does not influence all media we measured indirect evidence of gluconeogenesis by measuring the concentrations of alanine, their survival span. Researchers who want to enhance or suppress a particular metabolic pathway can do so by which is a direct precursor of pyruvate and threonine, valine and methionine, which are exclusively gluconeo-changing the culture medium.
By using 1 H NMR spectroscopy, this study identifies genic amino acids, and pyruvate. Hepatocyte medium showed a high turnover of sub-differences in energy metabolism of PPH depending on the culture medium used. It has been convincingly stances with a high consumption of alanine, valine, and methionine that could have been used as gluconeogenic shown that high-resolution 1 H NMR spectroscopy is a reliable tool in quantifying substances at the micromolar precursors. There was also a high consumption of pyruvate seen. In addition, we observed production of glu-region (5, 6, 14) . By using this technique we could take advantage of the fact that the media were serum free cose, so we have evidence to suggest an active gluconeogenesis in HM. The picture for WE was similar but and very few macromolecules would interfere with the signal.
the absolute concentrations of the substances used were significantly smaller. But as the general trend is the Before we enter into discussion about the different pathways examined we should point out that this study same we can assume that WE showed active gluconeogenesis throughout the experiments. Both those media does not look into the cytosolic concentrations of the different amino acids to make assumptions about the contained alanine and pyruvate in their initial formulation and we believe they are essential parts of a medium functioning of the cycles but measures the absolute differences in concentration of the amino acids in the me-to grow hepatocytes. Medium 1640 contained neither pyruvate nor alanine. There was production of pyruvate dia, assuming nonsaturable transporters for the amino acids through the hepatocyte membrane (40). and alanine and insignificant threonine consumption. The absolute consumption of valine was also the small-The three media that we have tested showed comparable albumin synthesis rates. Albumin is the predomi-est of the four media at all days. We believe that medium 1640 did not exhibit active gluconeogenesis. Me-nant product of hepatic protein synthesis representing an oxygen-dependent, energy-requiring function (40). Our dium 199 showed pyruvate production, as it did not contain any to start with, but contrary to medium 1640 results were comparable with previous studies on porcine hepatocytes (24, 26, 35, 37) . We observed an increase it showed consumption of the gluconeogenic amino acids that was comparable to WE. Based on that fact we metabolic pathway that is only present in hepatocytes. Unfortunately, due to technical difficulties, we were un-believe that gluconeogenesis was active and the production of pyruvate was direct from amino acid breakdown. able to measure by NMR concentrations for acetoacetate and β-hybroxybutyrate, the two ketone bodies synthe-Urea synthesis rates were higher than previous studies on primary porcine hepatocytes (24, 26, 35, 37) . This sized by the liver. Instead we looked at the concentrations of the acetate, which is a precursor of acetocaetate could be due to the fact that our whole liver retrograde perfusion isolation method isolates parenchymal cells and β-hydrobutyrate, and the concentrations of leucine isoleucine, phenylalanine, and tyrosine, which are key from the periportal region preferentially (23) . All five enzymes of the urea cycle are located primarily in this ketogenic amino acids. All media produced acetate at all time points tested. liver region. Hepatocytes in medium 1640 showed a significantly higher urea synthesis rate than all the other Medium 1640 produced significantly less acetate than media 199 and WE on all days. HM produced concentra-media. A possible explanation for this could be the high concentration of arginine in this medium's formulation tions of acetate comparable to medium 1640 on days 4 and 6. Overall, maximum acetate was produced by me-(28), although arginine consumption was no different between cells. dium 199 and production by WE was comparable to that. We were unable to look at two of the most specific amino acids of the urea cycle (i.e., citrulline and orni-Looking at the ketogenic amino acids, all media consumed significant and comparable amounts of phenylal-thine) by NMR. To understand better the functioning of the cycle in the four different media we looked at the anine. The downstream product of phenylalanine metabolism, tyrosine, was also examined. All media consumed following amino acids, which are involved in urea synthesis: glutamate, which is a direct byproduct of the urea significant amounts of tyrosine. HM consumed significantly more tyrosine than the other three media on all 3 cycle; glutamine, which is produced from glutamine in well-fed states; arginine, which is part of the urea cycle; days. The same pattern was seen with isoleucine. HM consumed significantly more isoleucine than the other and histidine, which can be a precursor for glutamate synthesis.
three media on all days. We also observed significantly smaller consumption of isoleucine by medium 1640. The All media consumed histidine, with HM consuming significantly more histidine than the other three media pattern that emerged was different for leucine. HM produced leucine and the other media consumed leucine. on all days. We can assume that most of the histidine consumed was either used for albumin synthesis or glu-Medium 199 consumed significantly more leucine than media 1640 and WE, and WE consumed significantly tamate production.
All media consumed arginine on all time points sam-more leucine than medium 1640. The pattern that emerged is that consumption of leucine correlates with production pled. Although the initial concentrations of arginine varied greatly between the media, the absolute consumption of acetate. We should mention, though, that we have not looked at fatty acid oxidation, which is a prominent of arginine by all media was comparable.
We would assume that most of the glutamate con-pathway for ketogenesis. Looking at total P450 content our results showed a sumed either entered the Kreb's cycle or was transformed to glutamine to be used in protein synthesis. HM significant decrease from freshly isolated cells to day 2 and then a further decrease until day 6 in media WE showed significant consumption of both glutamate and glutamine. We can assume that in this setting there was and HM. Our results are comparable to previous studies (3,31,47). In our study total P450 levels were measured no production of glutamine from glutamate. WE exhibited production of glutamate and consumption of gluta-as an indicator of the biotransformation potential of the hepatocytes. Our results suggest phase I metabolizing mine. Again, we have observed no transformation of glutamate to glutamine and possibly very little feeding potential of the hepatocytes has been compromised by cultures as shown on previous studies (10), but we have of the Kreb's cycle from glutamate. Media 1640 and 199 showed overall production of glutamate but also produc-no information about the type and specificity of phase I activities representative of P450 isoenzymes. It should tion of glutamine. In fact, medium 199 showed significantly higher production of glutamine on days 4 and 6.
be mentioned that the answer to the question on the best functional assay for P450 ioenzymes is far from straight-As demand for glutamine by protein synthesis was similar in all media, we can assume that media 199 and 1640 forward.
In summary, HM exhibited the highest consumption preferentially produced glutamine from the by-products of the urea cycle and the other media incorporated gluta-of alanine and pyruvate, the biggest consumption of glutamate and glutamine, medium urea and acetate produc-mate into the Kreb's cycle.
We also looked into ketogenesis, another significant tion, and consumption of key ketogenic amino acids. It work was supported by a BIOMED 2 European Union Grant performed well in glycolysis but exhibited inactive glu- satisfactory and the Kreb's cycle was active. Medium 1640 exhibited the biggest glucose con-REFERENCES sumption with alanine, pyruvate, and threonine produc-
